Abstract: Conlarium duplumascospora gen. et. sp. nov. and Jobellisia guangdongensis sp. nov. are described and illustrated from submerged wood collected from Guangdong Province, China. Conlarium duplumascospora is characterized by gregarious, coriaceous and beaked ascomata; cylindrical, unitunicate asci with a bipartite apical ring; biseriate, fusiform, hyaline, 0-5-septate ascospores with or without appendages; and anamorph with muriform conidia. Jobellisia guangdongensis is characterized by globose to subglobose, gregarious and papillate ascomata; three-layered peridium; cylindrical, unitunicate asci with a refractive apical ring; and one-septate, fusiform, greenish brown ascospores. Sequence analyses of partial nuclear large subunit ribosomal DNA (LSU rDNA) were performed to infer the phylogenetic affinities of these new taxa. A key to species of Jobellisia is provided.
INTRODUCTION
The Annulatascaceae S.W. Wong, K.D. Hyde & E.B.G. Jones is a family of freshwater ascomycetes characterized by beaked, dark brown or black ascomata; cylindrical, unitunicate asci with a relatively large refractive apical ring; and hyaline ascospores mostly with appendages or surrounded by a mucilaginous sheath (Wong et al. 1998) . Recent phylogenetic studies have revealed that Annulatascaceae is polyphyletic (Abdel-wahab et al. 2011 , Campbell and Shearer 2001 , Campbell and Shearer 2004 , Raja et al. 2003 . Species with relative large refractive apical ring were found to be scattered in several clades of pyrenomycetes (Vijaykrishna et al. 2005) . During our investigation of freshwater fungi in China, a fungus with typical characteristics of Annulatascaceae was collected. Morphological comparisons were made with genera in Annulatascaceae, and phylogenetic analysis using partial nuclear large subunit ribosomal DNA (LSU rDNA) sequences was conducted to establish the systematic placement of this fungus. Our data showed that this is a new genus that presents sufficient distinctions to other related genera. It is described herein as Conlarium duplumascospora gen. et. sp. nov.
Jobellisia M.E. Barr originally was placed in the Clypeosphaeriaceae of Xylariales based on the morphological characteristics (Barr 1993) . However, phylogenetic studies indicated that Jobellisia does not belong to Xylariales and a new family Jobellisiaceae was established to accommodate this genus (Réblová 2008 ). Jobellisiaceae appears basal to Diaporthales and Calosphaeriales in the phylogenetic tree but its ordinal placement awaits further investigation (Ré-blová 2008) . Jobellisia (Barr 1993 ) is characterized by large ascomata with a papilla or a long, stout neck; two-or three-layered perithecial wall in longitudinal section; and brown, aseptate ascospores with one or two polar germ pores. Our recent investigation of freshwater fungi yielded an undescribed Jobellisia species from Guangdong Province of China. The new species is described, illustrated and compared with other species in genus Jobellisia. Phylogenetic relationships are inferred with partial LSU rDNA sequences data.
MATERIALS AND METHODS
Sample collection.-Submerged woody samples were collected from streams at Dinghu Mountain Nature Reserve in Zhao Qing, Guangdong Province, China, in Dec 2010. Samples were returned to the laboratory and incubated in sealed plastic bags with moist tissues to maintain humid conditions. They were incubated at room temperature (20-30 C) under normal light. After 2 wk, the woody substrates were examined for the presence of fungi periodically during the incubation period (usually 3 mo). The fruiting bodies were picked off with a sterilized needle, and singlespore isolations were made on water agar (WA) with antibiotics following the method described by Choi et al. (1999) . Single germinated spores were picked up with a sterilized needle and transferred onto new potato dextrose agar (PDA) plate and incubated at 25 C under normal light for further study. We made morphological observation of material mounted in distilled water. Microphotographs of fungi were taken from material mounted in water using a Nikon 80i microscope. Fifty conidia or ascospores of each fungus were measured. The range between minimum and maximum values are included, with extreme value in parentheses. The specimens are deposited in the herbarium of Microbiology, Academia Sinica (HMAS), while living cultures deposited in China General Microbiological Culture Collection Center (CGMCC).
DNA extraction.-Total genomic DNA was extracted from ascomata or axenic cultures with modified CTAB protocol described in Guo et al. (2000) . For DNA extraction, ascomata were picked from the substrate with sterile forcep with a fine tip. The ascomata were washed in sterile distilled water before DNA extraction to ensure no other fungal material adhered to the ascomata.
PCR and sequencing.-Partial small subunit (SSU), large subunit (LSU) and internal transcribed spacer (ITS) rDNA were amplified with fungal specific primers NS1/NS4, LROR/LR5 and ITS1/ITS4 (Vilgalys and Hester 1990, White et al. 1990) . PCR was performed in a 25 mL reaction containing 17.3 mL double distilled water, 2.5 mL 10 3 PCR buffer, 2 mL dNTP mix (2.5 mM), 1 mL each primer (10 mM), 1 mL DNA template, 0.2 mL Taq DNA polymerase. Thermalcycling parameters included an initial denaturation of 95 C for 5 min, followed by 35 cycles consisting of denaturing at 95 C for 30 s, annealing at 54 C for 30 s and extension of 72 C for 1 min, followed by 10 min at 72 C for extension. The PCR products were purified and sequenced with NS1/ NS4, LROR/LR5 and ITS1/ITS4 primers mentioned above at SinoGenoMax Co. Ltd.
Sequence data analysis.-The SSU, LSU and ITS rDNA sequences were obtained. However, SSU and ITS sequences failed to give sufficient information when we analyzed the phylogenetic affinity of our isolates with related taxa, because most freshwater fungi lack available SSU and ITS sequences in GenBank. LSU rDNA sequences together with reference sequences from GenBank were aligned by Clustal X (Thompson et al. 1997) .
Alignments were optimized manually with BioEdit (Hall 1999) . Phylogenetic analyses were performed with PAUP * 4.0b10 (Swofford 2002) . Ambiguously aligned regions were excluded from all analyses. Unweighted parsimony (UP) analysis was performed. Trees were inferred with the heuristic search option with TBR branch swapping and 1000 random sequence additions. MAXTREES were unlimited, branches of zero length were collapsed and all multiple parsimonious trees were saved. Clade stability was assessed in a bootstrap analysis with 1000 replicates, each with 10 replicates of random stepwise addition of taxa. ShimodairaHasegawa test (SH test) (Shimodaira and Hasegawa 1999) were performed to determine whether trees were significantly different. Trees were visualized in TreeVIEW (Page 1996) .
Model of evolution was estimated with MrModeltest 2.2 (Nylander 2004) . Posterior probabilities (PP) (Rannala and Yang 1996, Zhaxybayeva and Gogarten 2002) were determined by Markov chain Monte Carlo sampling (BMCMC) in MrBayes 3.0b4 (Huelsenbeck and Ronquist 2001) , using the estimated model of evolution. Six simultaneous Markov chains were run 1 000 000 generations, and trees were sampled every 100th generation (resulting 10 000 total trees). The first 2000 trees, which represented the burn-in phase of the analyses, were discarded, and the remaining 8000 trees were used to calculate posterior probabilities (PP) in the majority rule consensus tree.
RESULTS
All sequences obtained, including the ones not used in phylogenetic analyses, were submitted in GenBank with accession numbers JN936987-JN936997. The alignments were deposited in TreeBASE (S12514). A BLAST query in NCBI showed that the LSU sequence of Conlarium duplumascospora was most similar to Papulosa amerospora Kohlm. & Volkm. (FIG. 1) . In the phylogenetic tree, the three C. duplumascospora strains form a distinct lineage and have affinity with several members in Annulatascaceae sensu lato.
The LSU sequence of Jobellisia guangdongensis is most similar to J. luteola (Ellis & Everh.) M.E. Barr (AY346286, 95%) and J. fraterna Huhndorf, Lodge & F.A. Fernández (AY346285, 94%) (Huhndorf et al. 2004) in NCBI through a BLAST query. The LSU rDNA dataset consisted of 26 sequences representing members of Sordariales, Boliniales, Coniochaetales, Diaporthales, Calosphaeriales, Jobellisiaceae, Xylariales and Hypocreales, with Pleospora herbarum (Pers.) Rabenh. and Setosphaeria monocera Alcorn as out group. The final dataset comprised 840 characters after alignment without ambiguous regions. Parsimony analysis resulted in two equally parsimonious trees. One of the trees (TL 5 888, CI 5 0.528, RI 5 0.673, RC 5 0.356, HI 5 0.472) is illustrated (FIG. 2) . In the tree, Jobellisia fraterna, J. luteola and J. guangdongensis form a strongly supported group (100%) basal to the clade with members of Diaporthales and Calosphaeriales.
Etymology. Conlarium, in latin means ''together'', referring to the gregarious ascomata.
Ascomata perithecioid, superficial, or partially immersed, dark brown to black, gregarious, smooth, globose to subglobose; neck elongated, cylindrical, straight or slightly curved. Paraphyses hyaline, branched, septate, not embedded in a matrix. Asci eight-spored, unitunicate, short pedicellate, cylindrical, with bipartite apical ring. Ascospores biseriate, fusiform, straight or slightly curved, aseptate to multiseptate, hyaline, guttulate, with or without appendages at one or each end of the ascospores.
Etymology. Duplumascospora, referring to the biseriate arrangement of ascospores.
Ascomata perithecioid, superficial, or partially immersed, coriaceous, dark brown to black, gregarious, smooth, globose to subglobose, 200-250 mm diam, 175-250 mm high, with cylindrical neck, straight or slightly flexuous, 125-175 mm long, 50-75 mm wide. Peridium comprising several layers of textura angularis cells, which are usually darker externally and pale internally, 15.5-28.5 mm thick. Paraphyses 4 mm wide, hyaline, branched, septate, not embedded in a matrix. Asci eight-spored, unitunicate, short pedicellate, cylindrical, 126-151.5 3 11-14 mm, with a large, bipartite apical ring, 5 mm wide, 4 mm high. Ascospores biseriate, fusiform, straight or cymbiform, 0-5-septate, hyaline, guttulate, 29-32 3 5-7 mm, with or without globose or papillary appendages at one or each end of the ascospores.
Cultures and anamorph.-Colonies reach 8 mm diam after 2 mo, dark brown to black, planar, smooth. Conidiophores 18.5-34.0 3 2.0-5.4 mm, micronematous or semi-macronematous, mononematous, septate or aseptate, unbranched or irregularly branched, straight or flexuous, hyaline, becoming brown with age. Conidiogenous cells determinate, doliiform, cylindrical, 5.0-10.0 3 3.0-6.0 mm. Conidia brown, muriform, irregularly globose or subglobose, constricted at the septa, 15.5-35.0 3 11-26.5 mm. Chlamydospores not observed. Etymology. Guangdongensis, referring to the province where the type was collected.
Ascomata 200-400 mm high, 175-400 mm diam, globose to subglobose, superficial, dark brown to black, gregarious, papillate, ostiolate. Peridium 60 mm wide, three-layered in longitudinal section. Paraphyses 2.5-5 um wide, numerous, filamentous, septate, constricted at the septa, not embedded in a gelatinous matrix. Asci 76.5-97 3 5-8 mm, eight-spored, cylindrical, short pedicellate, unitunicate, with a refractive apical apparatus, 3.5-4.5 mm in diam. Ascospores 8.0-10.5 3 (3.0-)3.5-4.5 mm, overlapping uniseriate, fusoid to fusiform, with acute ends, one-septate, slightly constricted and thick-walled at the septum, greenish-brown.
Habitat Abdel-wahab et al. 2011 , Campbell and Shearer 2001 , Campbell and Shearer 2004 , Raja et al. 2003 , and Conlarium has affinities with members in Annulatascaceae sensu lato but could not be included in any existing genera (FIG. 1) . The anamorphic stage of Conlarium is comparable to Monodictys at first glance but differs in having constrictions at the septa. It also is similar morphologically to Canalisporium in producing muriform conidia. Jobellisia was established to accommodate taxa that produce immersed or superficial ascomata surrounded by stromatic tissues, and brown, ellipsoid, onecelled or one-septate ascospores (Barr 1993 (Barr , 1994 . Jobellisia guangdongensis fits this morphological circumscription well. It is similar morphologically to J. viridifusca K.M. Tsui & K.D. Hyde in having superficial, gregarious ascomata, bright orange middle wall layer, cylindrical asci with relatively large refractive apical rings and fusiform, greenish brown ascospores (Ranghoo et al. 2001) . By re-examination of the type specimen of J. viridifusca (IFRD 8771, holotype), we concluded that J. guangdongensis differs from J. viridifusca in the size of asci (76.5-97 3 5-8 mm vs. 96-105.5 3 6-7 mm) and ascospores (8-10.5 3 [3-] 3.5-4.5 mm vs. 11-13.5 3 3.5-5 mm). The dimensions we obtained upon re-examination of the holotype material were concordant with the original description of J. viridifusca (Ranghoo et al. 2001 ). Unfortunately we failed to obtain genomic DNA from the holotype of J. viridifusca. J. guangdongensis grouped with J. fraterna and J. luteola in a strongly supported distinct clade (FIG. 2) . As reported by Réblová (2008) , Jobellisiaceae appears distant from Xylariales but bears a close relationship to Diaporthales and Calosphaeriales (FIG. 2) Leroy and J. viridifusca (Barr 1993, Huhndorf et al. 1999 , Leroy 2006 , Ranghoo et al. 2001 . Jobellisia rhynchostoma (Hö hn.) M.E. Barr has been transferred to Bellojisia (Lasiosphaeriaceae, Sordariales) based on phylogenetic analyses of partial LSU rDNA sequence data (Réblová 2008) , which is supported by our molecular analysis (FIG. 2) .
Freshwater fungi, such as the taxa described herein, colonize submerged organic matter (e.g. leaves, twigs, branches) (Cai et al. 2003 , Ranghoo et al. 2001 , Vijaykrishna and Hyde 2006 and play an important role in degrading woody debris and leaves in freshwater environments (Cai et al. 2006 , Pascoal et al. 2005 , Simonis et al. 2008 , Suberkropp 1997 . They also are known to produce various enzymes and antifungal metabolites (Bucher et al. 2004 , Simonis et al. 2008 , Yuen et al. 1999 ). In contrast with terrestrial environments, wood-inhabiting fungi in the freshwater environment in mainland China have received relatively less attention. According to our statistics, 894 freshwater species have been recorded from China, and it has also been estimated that many new species remain to be discovered (Cai et al. 2012) .
